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Transient Optical Reflectivity measurements
The transient change of optical reflectivity was measured using the third harmonic (266 nm) of an Ti:Sapphire system as pump and the second harmonic (400 nm) as probe. The intensity changes of the light reflected from the α-perylene thin film surface was measured after passing a grating monochromator in order to separate light from the probe pulse. The signal to noise ration was optimized using a lock-in amplifier and a boxcar integrator.
The transient change of optical reflectivity mainly represents the interference signal from light reflected at the film surface and that reflected from a laser-excited strain pulse. Two different strain discontinuities, propagating at different speeds through the 
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Solution of strain field refinement
In the time-resolved grazing incidence diffraction experiment, the temporal evolution strong 21 2 -reflection was analyzed to a high level of detail. The measured peak profiles were fitted by the split Pearson VII function 3 ( Figure S2 , inset). The (ii) the pulse width is much wider than the film thickness. In this case the film consists of a small number of almost equally strained regions, which are divided by a step function propagating at the speed of sound. Here, the X-ray signal was simulated by calculating the lattice sum from a displaced α-perylene crystallite. The signal consists of one main peak with side oscillations defined by the crystal size. In case (i), the highly non-uniform strain pulse leads to complex changes in the side oscillations of that signal which correspond to the changes of peak shape obtained after convolution with the experimental resolution function. In case (ii), where the absorption depth µ is larger than the film thickness, the crystal is almost uniformly strained which leads to a simple movement of the Bragg-reflections in reciprocal space. µ /d<1 (case (i)) µ /d>1 (case (ii)) Strain Displacement
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